The importance of slope in the determination of the kinds and numbers of plants which occupy a site has long been recognized. It is not possible, however, to isolate the influence of slope alone from the multitude of other environmental and biotic factors which are inevitably and inseparably linked to it. The degree of slope will strongly influence such factors as soil stability and erosion, runoff, received insolation, accessibility to grazing animals and ultimately the vegetal cover supported by a site. Since the kinds and numbers of plants occupying a site are a .reliable index to its past and present environment, the investigation of correlations between slope and species composition w o u 1 d appear a promising approach to the study of slope-plant relationships. The aim of this paper is to describe the vegetational characteristics of four grassland stands differing in slope and exposure in the Badlands of the Little Missouri River, and to interpret their similarities and differences in terms of underlying causes.
Study Area
The location of the study area is SE% sec. 11, T. 40 N. R. 102 W. This area is approximately one mile south of the Peaceful Valley Ranch, Theodore Roosevelt National Memorial Park, Billings County, North Dakota.
Physiographically, the general area is on the unglaciated portion of the gently sloping Missouri Plateau and is part of the Tongue River formation of the Fort Union group (Paleocene) (Leonard, 1930 Since the study area is located well within the borders of a national park, grazing by livestock over a period of about twenty years has been limited to a few stray trespassing cattle. There was no evidence that livestock had been on the study area in recent years.
Methods
All stands were located along the sides of a broad ravine and within a distance of 500 yards. Of the four stands selected, two had eastern and two western exposures; north and south facing slopes were deliberately avoided to minimize the influence of these more contrasting exposures. Stands 101 and 103 were directly below stands 102 and 104, respectively.
The vegetation was sampled by use of forty X-M.2 quadrats per stand. The presence of each species in each quadrat was recorded and the frequency index for each species in each stand calculated. This quadrat size was selected after preliminary field trials indicated that with this quadrat size the most comquencies in stand 101 (b = 349)) mon species in each stand would and summing the frequencies have a frequency index approxishared by these two stands (c = mating 86 percent (Curtis and 223) . This latter figure was obMcIntosh, 1950).
The quadrats tained by adding 62 for blue were placed at 20 pace intervals grama, 75 for western wheatalong four parallel lines (10 grass, 15 for red mallow (Sphaequadrats per line) which ran at ralcea coccinea), etc. According right angles to the slope.
The to this formula, when the two slope was measured (in degrees) stands are identical, K = 100 with an Abney level and the ex-(i.e., the stands are 100% alike), posure determined with a hand while, when they have no species compass.
in common, K = 0. The data for each stand were tested for adequacy of sample. It was found that all species with frequencies greater than 50 percent when forty quadrats were used showed change of less than five percent when only thirty quadrats were used.
The field work for this study was done between July 5th and 20th, 1956. The taxonomic nomenclature is according to Stevens (1950 The total number of species which occurred in the quadrats of each stand are given at the bottom of Table 2 . The sum of frequencies for each species in the four stands is given in the right hand column, while the slope, expressed in degrees, and the direction of exposure are presented at the top of each stand column.
The behavior of six leading dominants along the gradient of similarity coefficients, as estab- lished by the Sorenson Index, is illustrated in Figure 1 . An examination of these bar diagrams reveals that each species demonstrates some sort of behavior pattern with regard to this order of stands. It may be observed, for example, that blue grama and western wheatgrass decrease while little bluestem and plains muhly increase from left to right. These bar diagrams further illustrate the relatively lower frequencies of the dominant species and the larger number of species with intermediate frequencies in stands with steeper slopes.
Raunkiaer's five frequency classes were employed to determine the distribution of frequencies in each of the four stands (Table 3 ) . The interpretation placed upon this table is that it indicates the distribution of the number of species within particular mean area groups; i.e., it shows the number of species with mean areas equal to, larger than, and smaller than the quadrat area. When randomly distributed, a species having a frequency of 60 per cent will have a mean area of approximately one quadrat area. Similarly, species with frequencies lower than 60 percent will have mean areas greater than one quadrat area, while species with frequencies greater than 60 percent will have mean areas less than one quadrat area (Curtis and McIntosh, 1950') . It is not supposed that these frequency distributions are in any way a measure of stand homogeneity.
Discussion
The ordering of stands by use of similarity coefficients is a mathematical method of demonstrating the similarities in species composition between a group of stands and does not, of itself, imply or suggest the un- Stands 102 and 104 occurred on rather steep slopes ill" and 16") and soil erosion was strongly evident in both. These slopes are capped with sandstone concretions, and horizontal beds of this material outcrop throughout the stands. These beds, since they are impervious to water, create situations suggestive of small perched water tables. During wet periods water percolates through the soil and, meeting these impervious layers, is held briefly before gradually seeping to the surface to become available for plant growth over an extended period of time. These stands, therefore, receive water in excess of precipitation. From the exposure of these stands it would be expected that, due to protection from the hot and dry southwesterly winds of June and July (Sampgon and Weyl, 1918, and Renner, 1936) ) the east facing stand 104 would be more mesic, or at least less xeric, than the west facing stand 102.
Stands 103 and 101 occurred on more gentle slopes (8" and 3") and are, paradoxically, areas of both deposition and erosion. That is, eroded soils from above are transported across these stands or temporally deposited there to be eroded away by the water from some future rainstorm. Over the years, the deposition process has stayed well ahead of erosion and has resulted in the formation of the broad terraces on which these stands are located. The horizontal beds of standstone are far beneath the surface and additional moisture due to seepage is lacking in these stands. Stand 103 has a slope of 8" and receives directly the runoff from stand 104 (16"). This runoff water enters stand 103 at a relatively high velocity and, though slowed by a decrease in slope, moves across the stand at a rate too rapid to permit its efficient infiltration into the soil. Stand 101 is on a slope of only 3" and receives runoff from stand 102 (11').
This runoff water enters stand 101 at a. somewhat lower velocity than the water entering stand 103 and, being further slowed by the slight slope of this stand, moves across it at a sufficiently slow rate to permit good penetration. Although stand 103 is located on an east facing slope, its comparative steepness with regard to stand 101 renders it more xeric than that stand.
From the above it appears that the ordination of the stands determined by the Sorenson Index is based upon a moisture gradient. This suggestion is strengthened by considerations of the vegetation.
Stands 103 and 101 are dominated by blue grama and western wheatgrass, species with ranges centered in and mostly confined to the semiarid Great Plains (Weaver and Albertson, 1956 and Hitchcock and Chase, 1950) while, conversely, the dominants of stand 104, little bluestem and side-oats grama, are important species of the more humid midwestern prairies (Weaver and Fitzpatrick, 1934, and Curtis, 1955 Hanson and Whitman (1938) ) Judd (1939) and Whitman and Hanson (1939) .
The results of this study indicate that the most important single factor in determining the kinds and numbers of plants which occupy those sites is soil moisture;
other variables, such as exposure, slope and topography, are correlated with soil moisture and are apparently important only in so far as they influence it. This does not imply, however, that soil moisture alone determines the species composition of these sites, since such factors as past history, available soil nutrients, and excessive salts also play significant roles (Han-91 son and Whitman, 1938) .
It seems apparent from this study that interpretations of future research on the phytosociological characteristics of the grasslands of the Little Missouri Badlands would be significantly aided by detailed considerations of the physical environmentespecially of physiographic and edaphic factors.
Summary
The roles of slope and exposure in determining the species composition of some grassland types in the Badlands of the Little Missouri River of North Dakota were investigated. Four stands, differing in slope and exposure, were selected as study areas; the stands had slopes and exposures of: 16" E., 8" E., 3" W., and 11" W.
The stands were sampled by the frequency method employing 40 1/4-M.2 quadrats per stand. Slopes and exposures were also measured.
Similarity co-efficients between the stands were calculated and an ordination of stands established.
The behavior of the dominant species along this ordination indicated that it was based upon a moisture gradient.
Blue grama and western wheatgrass, species of the more xeric Great Plains, were found to be more important at one end of the gradient, while little bluestem, side-oats grama, and plains muhly, species of the more mesic Midwestern prairies, were more important at the opposite end of the ordination. This ordination also correlated with apparent soil moisture, total number of species which occurred in the quadrats and in the total frequency per stand.
The relationships between the stands appeared not to be successional, since the species composition of the stands was based principally upon physiographic and edaphic factors.
